Corrosion fatigue crack initiation behavior of various kinds of stainless steels is reviewed mainly on the basis of the autho experimental results. The role of corrosion pit in the corrosion fatigue crack initiation process of martensitic,ferritic,austenitic, duplex and precipitation-hardening stainless steels is briefly summarized. The recent investigation of an electrochemical noise measurement method is demonstrated for 12 %Cr martensitic stainless steel and 2.5%Mo containing high strength austenitic stainless steels. Finally a couple of future problems to be solved in corrosion fatigue crack initiation are touched on briefly.
Introduction
Stainless steels are widely used for various kinds of machines, structures and plants. So far enough information on environmental degradation behavior such as corrosion and stress corrosion cracking has been accumulated for corrosion resistant stainless steels. However information on long term corrosion fatigue strength and mechanism of corrosion fatigue crack initiation is not enough for corrosion resistant stainless steels. Especially corrosion fatigue crack initiation behavior before and after corrosion pit initiation is still veiled. It is reported in the most of the corrosion fatigue failures of components for machines and structures that corrosion fatigue crack initiate from corrosion pit [1] .Therefore clarification of corrosion fatigue crack initiation behavior is absolutely indispensable to evaluate of life and selection of stainless steels for stainless steel made machineries and apparatus. In this paper corrosion fatigue crack initiation behavior of martensitic, ferritic, austenitic, duplex and precipitation-hardening problems to be solved in corrosion fatigue crack initiation of stainless steels are touched on briefly.
Corrosion fatigue crack initiation behavior of stainless steels

Martensitic stainless steels
Corrosion fatigue failure of steam turbine blades has been a big concern in the world for more than 30 years. Characteristics of corrosion fatigue failed steam turbine blades are summarized as follows [2] .
First corrosion pits are most frequently observed at crack initiation area,if the crack initiation area kept soundly after failure. Secondly several micro-cracks in association with corrosion pits are observed at the surface near corrosion fatigue crack initiation area. Thirdly intergranular fracture surfaces are most frequently observed in the corrosion fatigue crack propagation area. These phenomena are the key characteristics to judge corrosion fatigue failure of steam turbine blades in failure analysis. Fig.1 shows the plural micro-cracks associated with very small corrosion pits observed for actual compressor driving steam turbine blade [3] . Many papers have been reported on corrosion fatigue behavior of 12% Cr stainless steels widely used for steam turbine blades. The effect of environmental,mechanical and metallurgical variables on corrosion fatigue strength has been clarified. Fig.2 shows the conventional S-N diagrams of plane bar specimens for 12%Cr stainless steel tested at 60Hz in 3-3x10 -4 % NaCl aqueous solution [4, 5] . The decrease of fatigue strength due to 3% NaCl at 2x10 7 cycles and 3x10 -2 %NaCl aqueous solution at 10 9 cycles is approximately 75%. A certain reduction of fatigue strength can also be observed in 3x10 -4 % NaCl aqueous solution. The NaCl content dependency on corrosion fatigue strength propagation appearance can be vividly identified in Fig.3 [6] . The crack initiated at the bottom of corrosion pit where stress concentration is large and is presumably electrochemically active. Crack branching and crack blunting at the corrosion fatigue crack tip, which show characteristics in corrosion fatigue process, can be clearly identified from this figure. The maximum depth of corrosion pit increases with increasing number of cycles as shown in Fig.4 [7] . It is apparent that the most of the corrosion fatigue life in 12%Cr stainless steel consists of the initiation and growth of corrosion pit. From these findings it can be mentioned that the role of corrosion pit is very important in corrosion fatigue crack initiation process. The continuous electrochemical noise measurement with three electrodes is available in order to observe the process of initiation and growth of corrosion pit [8] . resistance and electrochemical noise current can be well expressed as a function of stress amplitude as shown in Fig.6 . The number of corrosion pits initiated on the specimen surface were controlled by repeated stress. The higher the stress amplitude the more corrosion pits initiated.
Ferritic stainless steels
Reports on corrosion fatigue crack initiation behavior for ferritic stainless steels seems to be few. Corrosion fatigue experiments were conducted on 18Cr-2Mo ferritic stainless steel in a 0.5N and 4N aerated NaCl aqueous solution with pH6.5 at 363K [9] . Frequency was 100Hz and R value was 0. Reduction of fatigue strength was observed up to just over 10 6 cycles. However, a saturated corrosion fatigue strength was observed at 10 8 cycles. Corrosion fatigue crack initiated at slip line in 0.5N NaCl aqueous solution, while crack initiated from niobiumcarbonitrides in 4N NaCl aqueous solution. In this experiments corrosion fatigue tests were also conducted for 12Cr martensitic stainless steel in 0.5N and 4N Nacl aqueous solution. No fatigue limits observed for 12Cr-2Mo martensitic stainless steel and prominent reduction of corrosion fatigue strength was observed at 10 8 cycles. Sulfide inclusions acted as pit initiation site. Thus non-metallic inclusions were found to play an important roll for corrosion fatigue crack initiation. Amzallag et al. conducted rotating bending corrosion fatigue test for 26Cr-1Mo in 3%NaCl aqueous solution with frequency of 50Hz.The reduction of corrosion fatigue strength of this steel was 11% and was lower than that of SUS316. The reason is explained by high chromium content of ferritic steel, given either a very passive film or at least a passive film which recovers its passivity very rapidly, if damaged. Corrosion pits were not observed on corrosion fatigue crack initiation area [10] .
Austenitic stainless steels
In general reduction of corrosion fatigue strength of austenitic stainless steels is smaller than those of martensitic stainless steels. The reduction of corrosion fatigue strength at 10 6 cycles for SUS304 and SUS316 was 0 and 14%, respectively [11] . However, corrosion fatigue strength of SUS304 drops after 2x10 6 cycles and the reduction rate became 27%. The reason was attributed to corrosion fatigue crack initiation from corrosion pit. The reduction rate for SUS316 kept 0 at 10 7 cycles. These phenomena suggest that long term corrosion fatigue testing is absolutely needed to evaluate corrosion fatigue strength of austenitic stainless steels. Under such circumstances ultrasonic corrosion fatigue testing is available to evaluate corrosion fatigue strength of materials which show cycle dependent corrosion fatigue strength. Fig.7 is S-N diagrams for NSSC250, 2.5Mo containing high strength austenitic stainless steel in air and in 3% NaCl aqueous solution [12] . The TMCP made NSSC250 with chemical compositions of 0.011C,17.87Ni,24.87Cr and 2.44Mo and ultimate tensile strength of 905MPa was used.Frequency was 20kHz and Number of cycles to failure Maximum stress,MPa R value was 1. Due to the low thermal conductivity of austenitic stainless steel an intermittent fatigue testing, 110 msec duty and 1100 msec pause, was conducted. Moreover specimen was cooled by use of compressed air and a solution circulation apparatus. The circulation rate of solution was 3 l/min. The -N diagrams characterize the knee found at just lower than 107 cycles for both in air(ionized water) and 3%NaCl aqueous solution.
The reduction of corrosion fatigue strength at 10 9 cycles is 19.5%. This reduction rate of heat treated same material and SUS304 is 12.1 and 15.5%, respectively. Thus it can be mentioned that the reduction of corrosion fatigue Number of cycles to failure Failured Electric potential start to drop strength of austenitic stainless steel is less than 20% even at giga-cycle range. Corrosion fatigue crack in association with corrosion pits were observed in 3%NaCl aqueous solution (Fig.8a) ). Fracture surface observations revealed that corrosion fatigue crack initiated from corrosion pit as shown in Fig.8b ). Corrosion fatigue tests were also conducted for TMCP made NSSC250 plate specimens in 3%NaCl aqueous solution. Frequency was 20 and 0.167Hz and R value was 0.05. Fig.9 shows base metal and welded joint for TMCP made NSSC250 austenitic stainless steel [12] .The reduction of corrosion fatigue strength of base metal tested at 20Hz was observed at lower than 2x10 5 cycles. However the reduction of corrosion fatigue strength at 10 7 cycles for base metal tested at 20Hz was not observed. In this stainless steel frequency effect was not almost observed in 3%NaCl aqueous solution. The reduction of corrosion fatigue strength for welded joint 1 without reinforcement tested at 20Hz was 33% at 10 7 cycles. For both welded joint 1 without reinforcement and welded joint2 with reinforcement frequency effect was very small. Corrosion fatigue crack initiated at corrosion pit for base metal and welded joint. Electrochemical noise was measured for both heat treated NSSC250 and TMCP made NSSC250 austenitic stainless steel in 3%NaCl aqueous solution.Fig10 shows number of cycles when electric potential start to drop. The lower the maximum stress the longer the electric potential start to drop. It can be expected that corrosion pit initiate when electric potential start to drop. Fig.10 Number of cycles when electric potential star to drop [12] . NSSC250(TMCP), 3%NaCl
Duplex stainless steels
Fatigue strength decrease was not almost observed for 25Cr-6Ni duplex stainless steel in 3%NaCl aqueous solution [11] .The reduction of corrosion fatigue strength of 22Cr-5Ni duplex stainless steel for Techno-Super liner was very small in 3.5%NaCl aqueous solution [13] .Corrosion fatigue failures for martensitic stainless made suction roll increased 30 to 40 years ago [14] . Since the time duplex stainless steel has been used for suction roll in paper mills. Therefore corrosion fatigue tests were carried out in severe paper mill environment such as artificial white water. Rotating bending corrosion fatigue tests for duplex stainless steels were conducted in potassium alum aqueous solution containing 300 ppm Cl with pH3 at 313K [15] . Duplex stainless steels with different volume % ferrite were melted in air and in vacuum oxygen decarburization(VOD) melting. The rotating bending fatigue specimens with minimum diameter of 10mm were prepared. Testing frequency was 60Hz. Fatigue strength,MPa between fatigue and corrosion fatigue strength and volume % ferrite. Fatigue limit and corrosion fatigue strength of duplex stainless steels melted in VOD at 10 8 cycles is 20% higher than those melted in air. In VOD melted duplex stainless steel had a finer homogenized austenite phase. Corrosion pit was observed at initiation area and microstructure dependent fracture surfaces were observed at propagation area. The highest corrosion fatigue strength was observed at 65% volume % ferrite. The similar result was reported on a fatigue limit of IN744 duplex stainless steel at 10 8 cycles in air [16] and corrosion fatigue strength of duplex stainless steel with 6.61Ni and 20.31Cr at 10 8 cycles in aqueous solution with pH3.5 [14] . It was concluded that corrosion fatigue effects of duplex stainless steels such as Alloy63 occur in the crack initiation stage. Corrosion fatigue crack initiated at persistent slip bands formed by an interaction between the corrosive environment and the near surface structure, while fatigue crack initiated at non metallic inclusions in air [17] .Thus in order to solve crack initiation mechanism of duplex stainless steel consideration of metallurgical factors is absolutely indispensable. 
Precipitation hardening stainless steels
Precipitation hardening stainless steels such as 17-4PH are used for steam turbine blade, if an aggressive environment is anticipated. Plate bending corrosion fatigue tests were conducted for 17-4PH stainless steel in 6%FeCl 3 aqueous solution. Testing frequency was 12Hz and R was 1. The reduction of fatigue strength at 10 7 cycles was 40%. Corrosion fatigue crack initiated at corrosion pit. Corrosion fatigue strength was not influenced by microstructure [18] . Clarification of corrosion fatigue crack initiation mechanism is needed for 15-5PH stainless steel which is used for actual hydrofoil [19] .
Concluding remarks
Corrosion fatigue crack initiation behavior of martensitic, ferritic, austenitic, duplex and precipitation hardening concluded that the role of corrosion pit at corrosion fatigue crack initiation is very important for most of the stainless steels. Further studies are expected for mechanism of corrosion pit initiation and quantitative evaluation of corrosion fatigue crack initiation life.
